Ticks are vectors of several microorganisms responsible for infectious diseases in human and animals, such as Anaplasma phagocytophilum and Coxiella burnetii. In this study, we investigated the prevalence of these two bacteria in 62 889 Ixodes ricinus ticks in selected regions covering all Switzerland. A high prevalence of 11.9% of A. phagocytophilum DNA was observed by real-time PCR on 8534 pools of ticks. This pool prevalence corresponds to an estimated prevalence of 1.71% in individual tick. A total of 144 of the 171 collection sites (84.2%) were positive for the presence of A. phagocytophilum, and these sites were homogenously distributed throughout Switzerland. Such prevalence and geographical distribution underline the risk of human and animal exposure to A. phagocytophilum and highlight the need to assess the epidemiology and clinical diagnosis of human and animal anaplasmosis in Switzerland. However, DNA of C. burnetii was never found in any tick pool. This absence suggests a very low role of I. ricinus ticks as vector and reservoir of C. burnetii in Switzerland, and it supports previous reports demonstrating the role of sheep and goats in the epidemiology of Q fever. However, considering its pathogenic potential, it is necessary to keep monitoring for the possible reemergence of this bacterium in ticks in the future.
Introduction
Anaplasma phagocytophilum is a Gram-negative intracellular bacterium considered to be an emerging pathogen able to infect a broad range of mammalian hosts. This microorganism can be transmitted by diverse ectoparasites, especially by Ixodes ticks [1] . In humans, A. phagocytophilum infects mainly cells of bone marrow origin, such as neutrophils and granulocytes, which are responsible of granulocytic anaplasmosis. Human granulocytic anaplasmosis is commonly associated to a transient febrile illness, but it may also represent a severe, even fatal, lifethreatening disease that either occurs as sporadic cases or during outbreaks [2] . Ixodes ricinus ticks are recognized as the main vector of A. phagocytophilum in Europe; their prevalence in this region ranges from 0.4% to 66.7%, depending on geographical and environmental factors [1, 3] . In Switzerland, the prevalence of A. phagocytophilum DNA in I. ricinus ticks is about 1.5% [2, [4] [5] [6] , and the seroprevalence in humans reaches approximately 5% to 17.1% of the studied populations, sometimes biased towards tick-exposed individuals [7, 8] . However, the major part of these studies has been done on a small number of ticks, which are often sampled from a highly restricted geographical area. Larger epidemiologic studies are warranted.
Ticks are known to carry other intracellular microorganisms such as Coxiella burnetii, a Gram-positive bacterium responsible for Q fever in humans and animals. Even if the infection is usually asymptomatic in humans, the disease can be severe and chronic [9] . In the western part of Switzerland, two human Q fever outbreaks occurred, one in 1983 with 415 cases [10] and another in 2012 with 14 cases [11] . As it often happens, during these two outbreaks, sheep flocks were identified as the source, and the bacteria were most probably transmitted from animals to humans by aerosols [9, 11] . Whether ticks may have played a role in the dissemination of C. burnetii was not investigated during these two outbreaks.
To increase our knowledge of anaplasmosis and coxiellosis epidemiology in Switzerland, we investigated the prevalence of A. phagocytophilum and C. burnetii DNA in more than 60 000 questing I. ricinus ticks on a large, global-country-scale level.
Materials and methods
Tick collection and pooling I. ricinus ticks were sampled in 171 collection sites in Switzerland on the occasion of a Swiss army training course in 2008, as previously described [12] . Practically, in 2008, a total of 62 889 individual ticks were caught by flagging low vegetation and pooled in 8534 pools of one to ten individual ticks, separated according to their developmental stage (nymphs and adults, and females and males). DNA was automatically extracted with the QIAsymphony SP system (Qiagen) according to the protocol described by Gäumann et al. [12] .
PCR methods DNA extracted from ticks were subjected to specific real-time PCRs to detect the presence of DNA from A. phagocytophilum and C. burnetii. Briefly, for A. phagocytophilum, a 77 bp fragment of the msp2 gene was amplified as previously developed and described [13] . For C. burnetii, a 82 bp fragment located on a highly conserved region of the ompA gene was amplified according to the protocol developed by Jaton et al. [14] . For both PCRs, positive controls were plasmids carrying targeted sequences, and the run was only validated when the ten copies positive controls were positive. Each run was also validated by negative controls of both DNA extractions and PCR Master Mix.
Statistical analysis
Maximum likelihood estimates of individual bacterial DNA prevalence in ticks were estimated using an online method (http://www.abcrc.org.au) based on generalized linear modelling that took into account the number and size of the pools. This model assumes that our test is perfectly sensitive and specific, and that the confidence level is 0.95 [15] .
Results
Among the 8534 tested pools, 1018 were positive for the presence of A. phagocytophilum DNA. This corresponded to a pool prevalence of 11.9% (Table 1 ). This pool prevalence was associated with a maximum infection rate of 12% (7535/ 62 889), if all ticks of a positive pool were infected and assuming a minimum infection rate of 1.6% (1018/62 889) if only one tick in a positive pool was infected ( Table 1) . The maximum likelihood estimate of the prevalence in individual ticks [15] was equal to 1.71% (Table 1) . During sampling, ticks were classified according to their differentiation stage, with 4331 pools of nymphs and 4203 pools of adults, separated in males and females. Prevalences of A. phagocytophilum DNA within pool of adults and nymphs were almost similar, at 11.8% and 12.1%, respectively (Table 1) . However, the estimated prevalence in individual ticks was twice as large for adults, at 2.55%, than for nymphs, at 1.3%. Within pools of adults, we observed a comparable similarity between pools of males, with a prevalence of 11.4% (242/2130), and pools of females, with a prevalence of 12.2% (253/2073). Concerning the geographical distribution, A. phagocytophilum DNA was present in tick pools coming from 84.2% of all the collection sites (144/171), and these sites were homogenously distributed throughout Switzerland (Fig. 1) .
None of the 8534 PCR results specific to C. burnetii was positive, meaning that throughout Switzerland, in the collection sites of the study and at the time of collection, we were not able to detect any trace of C. burnetii DNA within I. ricinus ticks.
Discussion
With 62 889 individual ticks, this study is the largest screening for the presence of A. phagocytophilum and C. burnetii DNAs in ticks in Europe. Pool prevalence of A. phagocytophilum within these ticks reaches 11.9%, but this value does not take into account the number of ticks per pool. Because most pools are composed of the maximum number of ticks in each group (ten for nymphs and five for adults), the maximum infection rate (12%) is almost equal to the pool prevalence (11.9%). However, the minimum infection rate (1.6%) was closer to the maximum likelihood estimates of the prevalence in individual tick (1.71%), calculated by taking into account the number of pools and the number of ticks per pool. The pool prevalence is in accordance with that observed in other European countries [3] , whereas estimated individual prevalence is in accordance with results obtained in a previous comparable study in Switzerland [16] .
When we looked only at pool prevalence, we did not observe any significant difference between prevalence of A. phagocytophilum in adults and nymphs. This was because adults pools were mainly composed of five individuals, whereas nymphs pools were composed of ten individuals. Calculation of the estimated prevalence in individual ticks allowed us to highlight that A. phagocytophilum prevalence of adults ticks was twice as large (2.55%) as the prevalence of nymphs (1.3%). This higher prevalence within the adults tick population is in accordance with the transstadial transmission of A. phagocytophilum [17] . Interestingly, contrary to previous results [18] , in this study, we observed a similar prevalence between pools of male (11.4%) and female (12.2%) adult ticks.
With such prevalences, and with such a wide geographical distribution of A. phagocytophilum in I. ricinus ticks, the results of our study suggest that there is a high risk of the Swiss population being exposed to this pathogen. However, human granulocytic anaplasmosis is not routinely tested for after exposure to ticks because the clinical presentation of anaplasmosis is often nonspecific, with fever and flulike illness [19] . Even when more specific and severe anomalies are encountered, such as leukopenia, thrombocytopenia, elevated liver enzymes and/or renal insufficiency, A. phagocytophilum is only infrequently considered in the differential diagnosis. In addition, with an important number of hosts and reservoirs over a large geographical distribution, conditions are fulfilled to observe a geographical spread of A. phagocytophilum [17] . To better characterize the epidemiologic risk, further genetic analysis of the msp2 gene should be performed to discriminate between positive variants leading to human anaplasmosis and variants more linked to the animal life cycle [20, 21] -an analysis not performed in the present work. In any case, it is important to 
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New Microbes and New Infections, Volume 27 Number C, January 2019 keep monitoring for the presence of this pathogen in ticks and in wild and farm animals. Historically, two Q fever outbreaks have occurred in Switzerland, the first in 1983 and the second in 2012. Both were attributed to zoonotic exposure to infected sheep. A few of our study collection sites were close to the outbreaks sites, but none of them had tick pools positive for the presence of C. burnetii DNA (Fig. 2) . This result strongly suggests an absence of C. burnetii in I. ricinus ticks in Switzerland as well as a very low risk of exposition to this pathogen after a tick bite. This result is in accordance with previous studies highlighting this low risk in Europe [18, [22] [23] [24] . Even if C. burnetii can be transmitted to humans by a tick bite [9] , the main vectors and reservoirs in Switzerland are farm animals, especially sheep [25] . Thus, there is no evidence that I. ricinus ticks may represent an epidemiologic risk for the transmission of Q fever in Switzerland, but monitoring may nevertheless be useful in order to detect a possible reemergence of C. burnetii in ticks.
This large screening of two obligate intracellular bacteria in I. ricinus ticks in Switzerland highlighted the absence of C. burnetii and the common presence of A. phagocytophilum. Unlike the very low risk of developing Q fever after a tick bite, the risk of exposure to A. phagocytophilum is significant, thus highlighting the urgent need to improve our knowledge about human anaplasmosis epidemiology and clinical presentation, as well as to develop sensitive and specific tools allowing for the accurate diagnosis of this disease.
